INTRODUCTION {#sec1-1}
============

Malignant melanoma is one of the most highly invasive and metastatic tumor with poor prognosis and highly resistance to treatment. Furthermore, melanoma is an increasingly common malignancy and its mortality rates have been quickly increasing in recent years ([@ref1]).

Parallel with progression, melanoma acquires a rich vascular network, supporting tumor cell growth and metastases ([@ref2]). Melanoma neovascularization has been correlated with poor prognosis, overall survival, ulceration, and increased rate of relapse ([@ref3]).

In spite of recent advances in therapeutic approaches, the survival rate of patients with melanoma, has not improved substantially, indicating the need for novel anticancer therapies ([@ref4]).

There are several anti-cancer drugs which are either natural products or natural product derivatives ([@ref5]). In the present study we focus on the effect of *Punica granatum* peel extracts (PPE) on melanoma cancer cells and the effects on angiogenesis *in vitro*.

The pomegranate, *P. granatum*, is an ancient fruit, and the predominant member of two species comprising the Punicaceae family ([@ref6]). Extracts of all parts of the fruit appear to have therapeutic effects ([@ref7]). Pomegranates have great antioxidant potential due to high levels of phenolic compounds, flavonoids, anthocyanins, tannins, ascorbic acids and gallic acid present in the fruit ([@ref8][@ref9][@ref10]). The beneficial effects of pomegranate have been reported in the prevention of various diseases such as cardiovascular disease, bacterial infection, inflammation, diabetes and skin photoaging ([@ref11][@ref12][@ref13][@ref14][@ref15]).

Additionally, several studies have demonstrated the therapeutic potential of pomegranate *in vivo* and *in vitro* for the treatment of a variety of tumor types, including colorectal cancer, lung, prostate, esophagus, oral and breast cancer ([@ref16][@ref17][@ref18]).

Pomegranate has been used in Iranian traditional medicine for a long time and for different purposes ([@ref19]). Black pomegranate is one of pomegranate cultivars which bred in Iran, almost rare than others ([@ref20]). It has been used as an herbal medicine for different diseases.

Previous studies have demonstrated that peel of the black pomegranate extract has the highest flavonoid content than the other pomegranate cultivar peels ([@ref19]). In our previous study, we showed that black pomegranate in 10, 100, 1000 μg/ml doses can inhibit angiogenesis *in vitro* ([@ref21]).

Moreover, it is very interesting that there are some evidences for the anti-angiogenic properties of pomegranate ([@ref6]). It has been shown that some of pomegranate constituents such as estrogenic flavonoids are anti-angiogenic ([@ref7][@ref22]) or suppress angiogenesis via down regulation of factors which promote angiogenesis ([@ref23]).

Since, angiogenesis is essential for melanoma tumor progression and metastatic escape, it is highly desirable to find therapeutic approaches that simultaneously inhibit melanoma tumor growth and angiogenesis.

In the present study, we have investigated the inhibitory effect of PPE on melanoma cells growth as well as endothelial cells angiogenesis, vascular endothelial growth factor (VEGF) mRNA and protein expression.

MATERIALS AND METHODS {#sec1-2}
=====================
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### Preparation of plant extracts {#sec3-1}

Fruit of black pomegranate obtained from Agriculture Research Center of Isfahan, Iran. The genus and species of the plant were identified by this center. The peel was separated manually, dried, and powdered before extraction. Dried pomegranate peel was extracted at room temperature for 72 h with 15 ml ethanol 70% containing 1% acetic acid and then filtered. The solvent was evaporated under vacuum using a rotary evaporator and the concentrated extracts were stored at -70 °C until the use.

### Cell culture {#sec3-2}

The human umbilical vein endothelial cells (HUVECs) (C554) and melanoma cell line (B16F10) (National Cell bank of Iran affiliated to Pasteur Institute, Tehran, Iran) were cultured in dulbecco\'s modified eagle\'s medium (DMEM) supplemented with 1% antibiotics (100 units/ml penicillin and 100 μg/ml streptomycin) and 10% fetal calf serum until the third passage before performing the experiments. All cell culture materials were from Gibco, USA. Cells were grown to confluence at 37 °C in 5% CO2/air.

### Cytotoxicity assay {#sec3-3}

*In vitro* cytotoxicity was evaluated by plating melanoma cells (1 × 10^4^ cells/well in a 96 well plates) in 100 μl of medium per well and allowed to attach. After incubation, 100 μl various concentrations of PPE (10-450 μg/ml) were added to the cells and incubated for 48 h.

The aforementioned concentrations were adopted based on a previous study that investigated the antiproliferative and apoptotic effects of PPE on MCF-7 human breast cancer cell where each extracted concentration was added into three separated wells ([@ref24]). The metabolic activity in each well was determined by 3-(Dimethylthiazol-2-yl)-2, 5-diphenyl-tetrazolium bromide (MTT) assay and compared with untreated cells as described by Okonogi and coworkers ([@ref25]). Additionally, we tested for the ability of PPE to inhibit HUVECs growth using the MTT assay as described above. Plates were read by using an enzyme-linked immunosorbent assay (ELISA) plate reader (ELX 800-*BioTek*-USA)at 540 nm with a reference wavelength of 630 nm. The cell viability was determined by the following formula:

\% Cell viability = (Mean absorbance in test wells/Mean absorbance in control wells) × 100

### Angiogenesis assays {#sec3-4}

The tube formation assay was performed on 24-well plates coated with 100 μl of Matrigel Basement Membrane Matrix (Invitrogen, USA) and polymerized for 30 min at 37 °C. The cells (1 × 10^5^) were divided in 4 groups with different treatments which include pomegranate peel extract in different concentrations (200, 300, 400 μg/ml) and dimethyl sulfoxide (DMSO) 0.1% as control group. They were plated on to a layer of Matrigel.

Matrigel cultures were incubated for 24 h at 37 °C/5% CO2 humidified atmosphere. Then the cells were stained at the end of the incubation period after the tube network has formed using a cell-permeable dye (Calcein, AM). After adding the dye, cells incubated for 30 min at 37 °C and 5% CO2 while protecting from light. The maximum dye concentration should be 2 μg/ml. Finally the center of each well was photographed with a Nikon camera attached to a Olympus BX51 fluorescent microscope(USA). Fluorescence images were quantified using the AngioQuant v1.33 software (The MathWorks, Natick, MA) to quantitate the extent of tubule formation in terms of the lengths, size, and number of junctions in each replicate well ([@ref21]).

### Quantitative reverse transcriptase--polymerase chain reaction {#sec3-5}

Total RNA was extracted from HUVECs who were treated or left untreated for 24 h, using RNeasy Mini plus Kit (Qiagen, Valencia, CA, USA) following the manufacturer\'s protocols.

The quality of RNA was verified by spectrophotometer and gel electrophoresis. cDNA was synthesized using RevertAidTM Reverse Transcriptase (Fermentas, Vilnius, Lithuania) with oligo-dT primers as described by Mowla and coworkers ([@ref26]). Quantitative realtime reverse transcriptase--polymerase chain reaction (Quantitative real time RT-PCR) was performed using specific primers for VEGF and glyceraldehyde dehydrogenase (GAPDH) (as an internal control) mRNAs ([Table 1](#T1){ref-type="table"}) with the Maxima SYBR Green/ROX qPCR Master Mix (Fermentas, Vilnius, Lithuania) and run on the Rotor-gene 6000 (Qiagen, Hilden, Germany).

###### 

Specific primers for VEGF and GAPDH (as an internal control) mRNAs.

![](RPS-10-117-g001)

The PCR cycling conditions for the genes included an initial denaturation step at 95 °C for 10 min, followed by 45 amplification cycles consisting of denaturation at 95 °C for 15 s, annealing at 60 °C for 30 s and an extension at 72 °C for 30 s.

### Determination of VEGF concentration in culture medium {#sec3-6}

The cell culture media over 24 h of the treatment were collected, centrifuged at 250 × g to remove debris, and frozen until further analysis. VEGF concentrations were determined using a quantitative ELISA (Immuno-Biological Laboratories, GmbH, Hamburg, Germany). The amount of VEGF immunoreactivity was calculated using recombinant human VEGF standards present on each microtiter plate. Optical densities were determined at 450 nm using an ELISA reader.

### Statistical analysis {#sec3-7}

The experiments were performed in duplicate and replicated three times. At last, one way analysis of variance (ANOVA) and kruskal wallis analysis were performed to analyze the data using the software SPSS 15. Values of *P\<*0.05 were considered statistically significant.

RESULTS {#sec1-3}
=======

 {#sec2-2}

### Inhibition of cell growth by PPE in melanoma cells but not in HUVECs {#sec3-8}

Initially, in our study, we investigated the antiproliferative effects of PPE on melanoma cell line. Therefore, using B16F10 cells, we evaluated the effect of PPE on the growth of these cells by MTT assay.

As shown in [Fig. 1A](#F1){ref-type="fig"}, PPE treatment of HUVECs resulted in 6 and 17% decrease in cell viability at concentrations 10--450 μg/ml of PPE, respectively indicating that PPE had minimal toxic effect on these cells. PPE showed toxic effects on B16F10 cells at its lowest (1%) up to its highest (61%) concentrations dose dependently ([Fig. 1B](#F1){ref-type="fig"}). The calculated IC~50~ value for the PPE against B16F10 cells was found to be 310.21 indicating that the PEE was toxic against B16F10 cells.

![The effects of PPE on cell viability. As detailed in Materials and methods, A; C554 HUVECs, B; B16F10 melanoma cells were treated with PPE and the viability of cells was determined by the MTT assay. The data are expressed as the percentage of cell viability compare to control.](RPS-10-117-g002){#F1}

### Inhibition of endothelial cell tube formation by black pomegranate peel extracts {#sec3-9}

As described in earlier sections, concentrations 200, 300, and 400 μg/ml were selected to investigate the effects of PPE on angiogenesis. To ascertain the anti-angiogenic activity of PPE, the treatment started at the time of HUVEC seeding on to Matrigel. We performed the *in vitro* angiogenesis assay and examined the ability of endothelial cells to form tubes in the absence or presence of PPE. HUVECs tube formation was observed over a period of time. Results in [Fig. 2](#F2){ref-type="fig"} indicate that PPE can suppress the formation of tube-like structures at all concentrations tested in this study. Our results showed that PPE significantly reduced not only the size of the tubes (*P\<*0.05) ([Fig. 3. A](#F3){ref-type="fig"}) at all tested concentrations but also the length and the number of junctions of the tubes relative to the negative control group (*P\<*0.05) ([Fig.3B](#F3){ref-type="fig"}, [3C](#F3){ref-type="fig"}).

![Inhibitory effect of pomegranate peel extract on tube formation of HUVECs. HUVECs were plated on the wells coated with 100 μl of Matrigel basement membrane matrix. After 24 h treatment with different doses of PPE, the cells were stained with calcein and photographed with a Nikon camera attached to a fluorescent microscope at ×10 magnification.](RPS-10-117-g003){#F2}

![Effect of PPE on HUVEC tube formation *in vitro* (N.C:Negative Control). A; Quantitative data for size of tube are shown for 24 h of PPE treatment, B; Quantitative data for length of tube are shown for 24 h of PPE treatment, C; Quantitative data for total number of junction of tubes after 24h incubation with PPE. Data are expressed as percent inhibition compared with control and are shown as mean ± S.D. \*; significantly different from control (Bonferroni modified Student\'s *t test* for multiple comparisons).](RPS-10-117-g004){#F3}

### PPE inhibits expression of VEGF mRNA in HUVECS {#sec3-10}

After optimization of the QRT-PCR, expression of VEGF and GAPDH genes was determined using Quantitative real-time RT-PCR in the treated and control cells. Relative expression of VEGF gene was determined by dividing its expression amount to that of the GAPDH gene. There was a concentration-dependent relationship between PPE and its inhibitory effect on VEGF gene expression at 200, 300, and 400 μg/ml and the concentrations of 300 and 400 μg/ml significantly inhibited VEGF mRNA expression (*P\<*0.05) ([Fig. 4](#F4){ref-type="fig"}).

![Quantitative analysis of mRNA expression of VEGF in HUVEC by Quantitative real time RT-PCR (Taqman). Total RNA were extracted from HUVEC in medium containing different treatments. The relative expression of VEGF were normalized to GAPDH levels measured in the same RNA preparation. Data shown are from three independent experiments analyzed in duplicate.](RPS-10-117-g005){#F4}

### Suppression of vascular endothelial growth factor secretion by PPE {#sec3-11}

As shown in [Fig. 5](#F5){ref-type="fig"}, treatment of HUVECs with PPE decreased the VEGF concentration in the culture medium. VEGF concentration was significantly decreased at 300 and 400 μg/ml concentrations of PPE (*P*\<0.05) at 200 μg/ml dose of PPE, however, decreasing VEGF was not significant.

![ELISA demonstrated decreased levels of VEGF in the culture medium at 300 and 400 μg/ml after 24 h incubation. Data are presented as means ± SD of three experiments. \*; *P\<*0:05.](RPS-10-117-g006){#F5}

DISCUSSION {#sec1-4}
==========

A major microenvironmental event in melanoma tumor growth and expansion is the angiogenic switch which is a change in the balance of pro-angiogenic and anti-angiogenic molecules that results in tumor neovascularization ([@ref2]). Thus, it is very favorable to find substances that simultaneously inhibit melanoma tumor growth and angiogenesis.

To the best of our knowledge, this is the first study that shows the potential anti-angiogenic effect of PPE based on the results of matrigel tube formation assays, VEGF mRNA expression, and VEGF concentration in HUVECs culture medium.

Interestingly, PPE displayed more toxicity against B16F10 melanoma than HUVECs indicating possible selectivity of PPE on tumor cells over normal cells.

Amongst the various angiogenic activators, the VEGF signaling pathway has been implicated as the key regulator of tumor neovascularization ([@ref27]). Expression of VEGF mRNA is strictly associated with microvascular density ([@ref28]). VEGF has been demonstrated to have a major association with initiating the process of angiogenesis through regulating proliferation, migration, and differentiation of endothelial cells ([@ref29]). In the current study, PPE dose-dependently suppressed VEGF mRNA expression, suggesting that PPE inhibits angiogenesis by reducing production of VEGF at transcriptional level. Moreover PPE significantly decreased the secretion of VEGF by HUVECs in culture medium.

There is only one similar study by Toi and colleagues that investigated antiangiogenic effect of various fractions of pomegranate including pomegranate fermented juice polyphenols, pomegranate pericarp polyphenols, cold-pressed pomegranate seed oil, supercritical fluid extracted pomegranate seed oil, pomegranate seed oil polyphenols, and unsaponified pomegranate seed oil ([@ref30]). The authors showed that antiangiogenic effect of pomegranate fractions was associated with strong downregulation of VEGF. These fractions further inhibited proliferation of HUVECs and angiogenesis in chicken chorioallantoic membrane model as well as myometrial and amniotic fluid fibroblasts.

Pomegranate peel is an important source of phenolics and flavonoids, such as kaempferol, luteolin, quercetin and proanthocyanidin, minerals (mainly K, N, Ca, P, Mg and Na) and complex polysaccharides. Pomegranate peels are also a rich source of hydrolysable tannins including ellagitannin, punicalagin, punicalin and pedunculagin ([@ref31]). In addition, the *antioxidant capacity* of PPE is *10 times higher than that of* pulp extract ([@ref20]).

Previous studies have shown that several polyphenols, including epigallocatechin-3-gallate in green tea and resveratrol in red wine, inhibit angiogenesis. It can be hypothesized that PPE may exert anti-angiogenic effect via its polyphenols ([@ref32]).

Furthermore, pomegranate juice and peels are affluent in estrogenic flavonoids like luteolin which have been shown to have anti-angiogenic effect ([@ref22][@ref23]) or to inhibit factors which promote angiogenesis, e.g, basic FGF (bFGF) ([@ref33]).

In the present study, PPE exhibited antiproliferative effects on melanoma cells. It is not known which active compound (s) in PPE is responsible for its antiproliferative effects. However it can be suggested that antiproliferative effects of PPE presented in this study are largely due to its antioxidant effects and polyphenols content ([@ref34]).

Suresh and coworkers in their study evaluated *in vivo* anticancer activity of ethanol and aqueous extracts of roots of *P. granatum linn* against melanoma cells in mice and *in vitro* inhibitory activity on MDA-MB--435 human melanoma cells ([@ref35]). They showed a significant reduction in tumor growth by ethanol extract both in *in vitro* and *in vivo* models which was attributed to the collective presence of polyphenols, alkaloids and sterols.

About the antiproliferatory effect of pomegranate on the other cancer cell lines, Daiz and colleagues have shown that pomegranate extract inhibits the proliferation and viability of MMTV-Wnt-1 mouse mammary cancer stem cells *in vitro* ([@ref36]).

In the other study Khan and coworkers showed that pomegranate fruit extract inhibited prosurvival pathways in human A549 lung carcinoma cells and tumor growth in athymic nude mice ([@ref37]). Also it has been found that pomegranate juice can be used for its cancer-chemoprevention as well as cancer-chemotherapeutic effects against prostate cancer in humans ([@ref38]).

CONCLUSION {#sec1-5}
==========

inhibition of melanoma cell proliferation and angiogenesis indicates that, PPE can be a good candidate against melanoma development. Based on the results of the present study, PPE could effectively suppress angiogenesis potentially through a VEGF dependent mechanism. Further studies are needed to confirm these results.
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